Background and Purpose-Statins reduce the risk of myocardial infarction and stroke in patients with vascular disease.
T reatment with HMG-COa reductase inhibitors (statins) reduces the risk of myocardial infarction, stroke, and vascular death in patients with coronary artery disease (CAD). [1] [2] [3] [4] [5] [6] Treatment with statins should be initiated in all patients with an ischemic stroke or transient ischemic attack (TIA) who have evidence of or high risk for developing CAD over the next years if their cholesterol concentration is Ͼ5.0 mmol/L or low-density lipoprotein cholesterol (LDL-C) exceeds 3.0 mmol/L. [7] [8] [9] [10] [11] [12] [13] In patients with CAD, the rate of lipid evaluation is low, and statins are underused. 14 -20 There is no comparable information for patients with recent ischemic stroke or TIA, even though myocardial infarction is the main cause of death in survivors of ischemic stroke and in patients who suffered a TIA. [21] [22] [23] The aim of this cohort study was to assess (1) the proportion of patients in whom lipid profiles were determined during hospitalization after an acute ischemic stroke or TIA and (2) the use of statins.
For the present cohort study, data from 1743 patients with acute ischemic stroke or TIA for whom clinical data were available at the time of analysis and who were admitted between October 1998 and June 2001 were analyzed. Patients with hemorrhagic stroke and patients who died before discharge were excluded. Recruitment of patients to the registry is an ongoing process, and we arbitrarily closed the database for this study on June 2001. At that time, 3069 patients were admitted because of suspected ischemic or hemorrhagic stroke, and complete data for 2171 patients were entered into the database. Patients for whom detailed clinical information was still missing (nϭ898) were excluded from the analysis. These excluded patients were comparable in terms of age (67.4Ϯ14.6 and 66.6Ϯ18.5 years [meanϮSD], Pϭ0.5) and sex (47% and 45% female, Pϭ0.4). We estimate that Ϸ15% of these would not meet our inclusion criteria because of a nonischemic cerebrovascular event (intracerebral hemorrhage, subarachnoid hemorrhage, sinus vein thrombosis) or posthoc verification of a noncerebrovascular diagnosis (epileptic seizure, hypertensive crisis, etc). Data are entered into the database in batches, and we are not aware of a selection mechanism other than order of admission.
Statistical Analysis
Univariate comparison of continuous variables was performed with the unpaired t test or Mann-Whitney U test as appropriate. Binary and categorical data were analyzed with 2 statistics. To determine the influence of clinical variables simultaneously on the prescription of statins (yes versus no), we applied multivariate logistic regression. We included all variables that were at least weakly associated with the use of statins (PϽ0.2 in univariate analyses). The Nagelkerke pseudo-R 2 was used to assess the variability explained by each model. The Hosmer-Lemeshow 2 test was used to assess the model fit. We assumed that treatment strategies may be determined partly by "local culture." Therefore, we also investigated the potential impact of a cluster effect with regard to hospital (center) on determinants for the prescription of statins. We used a random-effects logit model. 26 The following variables were treated as dependent variables: (1) determination of total cholesterol (TC) levels (yes versus no), (2) determination of LDL-C levels (yes versus no), and (3) prescription of a statin at hospital discharge or transfer (yes versus no). The few patients (2%) treated with fibrates were classified as not receiving statins.
The following parameters were included in the analyses as independent variables: age (Ͻ55, 55 to 64, 65 to 74, 75 to 84, Ն85 years); sex; stroke severity at 1 week according to the Rankin Scale (0 to 1, 2 to 3, 4 to 5); cause (large-vessel disease [ 
Results

Determination of Lipid Profiles During Hospitalization
TC determination varied between departments from 38% to 98% of patients (PϽ0.001; Table 1 ). Overall, TC levels were determined in 1562 (90%) of the patients. Multiple regression analysis revealed that department was the only factor significantly determining the performance of TC measurements. We also found a trend for a negative association between TC determination and male sex (odds ratio [OR], 0.7; 95% CI, 0.5 to 1.0; Pϭ0.072). The model explained 23% of the observed variability; 22% of the variability was explained by department alone. The model had an acceptable fit (HosmerLemeshow 2 ϭ4.33; dfϭ8; Pϭ0.825). LDL-C levels were measured in 835 (48%) of the patients. Again, department was the only factor significantly associated with LDL-C determination.
Statin Treatment at Hospital Discharge
Most patients (68%) with clinically relevant atherosclerosis (CAD, PAD, symptomatic carotid stenosis, plaques of the aortic arch Ͼ4 mm) and TC levels Ͼ200 mg/dL (Ͼ5.17 mmol/L) were not treated with a statin (Table 2 ). Almost 40% of the patients with manifest atherosclerosis and TC levels Ͼ300 mg/dL (7.76 mmol/L) were discharged without a statin.
Overall, 1342 patients (77%) received antiplatelet agents and another 505 patients (29%) received oral anticoagulants or heparin at discharge. We found that 1081 of all 1743 patients (62%) and 909 of those 1109 patients with known (2) 32 (7) 8 (0) 11 (1) 23 (3) 19 (3) 25 (2) hypertension (82%) were treated with antihypertensive agents at discharge.
Determinants of Statin Treatment at Hospital Discharge
Statin prescription varied widely between departments for both the total study population and patients with manifest atherosclerosis and TC levels Ͼ200 mg/dL (PϽ0.001 and Pϭ0.027, respectively; Table 1 ). Not surprisingly, statin treatment was used less often when TC and LDL-C levels were not measured (OR, 0.4; 95% CI, 0.2 to 0.7; Pϭ0.002;
and OR, 0.6; 95% CI, 0.4 to 0.8; PϽ0.001 adjusted for history of hypertension, history of diabetes, cigarette smoking, CAD, PAD, previous intake of a lipid-lowering drug, previous intake of antiaggregants, atrial fibrillation, stroke cause, Rankin Scale at 1 week, and department).
Other clinical factors associated with statin treatment at discharge are shown in Table 3 . The factor most strongly associated with the prescription of statins, as expected, was the intake of a lipid-lowering medication before the index event (Table 4) . TC levels were strongly and almost linearly associated with the use of statins. Elderly patients were less often treated with statins. The variability between the departments remained highly significant. We found a trend for less frequent use of statins in patients with severe stroke. CAD, PAD, and large-artery disease were not associated with the use of statins in this model. The model explained 37% of the variability (Hosmer-Lemeshow 2 ϭ7.65; dfϭ8; Pϭ0.47). When a cluster effect of the treating department was taken into account, the effect sizes remained largely unchanged compared with the estimates in Table 4 (data not shown).
Discussion
Secondary preventive measures such as measuring serum cholesterol levels and treatment with statins are underused in patients with acute stroke or TIA. Whether a patient is treated with statins depends mainly on where he or she is treated, not on clinical reasons or published guidelines.
To the best of our knowledge, this is the first study to investigate factors influencing the evaluation and management of lipid disorders in a large cohort of patients with acute stroke or TIA. Previous studies have reported low rates of lipid screening in patients with acute myocardial infarction. 15, 28 The value of educational programs in hospitals for the improvement of lipid evaluations could be demonstrated, 28 and we are trying to establish common guidelines for lipid evaluation as a consequence of our results.
Overall, 23% of our patients and 32% of those with clinically relevant atherosclerosis and cholesterol levels Ͼ200 mg/dL received a statin at discharge. This rate is comparable to those reported in a meta-analysis of patients with hyperlipidemia and CAD, which found that only 37% of 622 patients with CAD and hyperlipidemia were treated with statins. 17 A very recent investigation of a large national sample of patients with acute myocardial infarction found an overall frequency of the use of statins of 32%. 29 Another investigation found an overall rate of statin use of 30% at discharge in 17 732 German patients with acute myocardial infarction. 30 In patients with PAD, a recent study described that 35% of all patients (and only 30% of those with lower-extremity disease) were on a lipid-lowering agent, 31 whereas yet another investigation found that only 5% of their patients with critical lower-extremity vascular disease received lipid-lowering treatment. 32 There is also evidence that patients with PAD receive lipid-lowering treatment less often than patients with CAD. 33 We found a very high variability for the use of statins between the participating departments. Furthermore, there was a highly significant association between lipid evaluation and statin treatment. Small area variation for the use of lipid-lowering drugs between hospitals has so far been addressed in only 1 study, which found a significantly higher rate of use of lipid-lowering drugs in teaching hospitals (39.4%) compared with nonteaching hospitals (30.3%). 29 Lack of adherence to clinical guidelines on the use of lipid-lowering drugs has been described previously. 15, 20 Our findings underscore the need for interventions on a local basis, eg, the establishment of local guidelines and hospital education programs.
The recently published British Heart Protection Study found a strong reduction in vascular events with simvastatin compared with placebo in a mixed population of vascular patients, including patients after cerebrovascular events. 6 The risk reduction was significant not only in patients with hypercholesterolemia but also in patients with normal or low-normal cholesterol levels. Patients with previous cerebrovascular disease had a risk reduction with statins similar to that of the other patient groups in this study. Considering the high annual risk of myocardial infarction, stroke, or vascular death in patients with a recent ischemic stroke or TIA, it might therefore be reasonable to advocate the use of statins in most patients with stroke or TIA. However, until now, no guidelines or recommendations have existed for the general use of statins in patients with ischemic stroke or TIA. At first glance, this might explain the low overall frequency of statin use and the large variability between different centers. But even in patients with a given indication for statin use according to international guidelines, almost two thirds are left untreated, and a large variability remains between different centers according to our data. Assigning a 5-year risk of Only those variables that were significant in the final models are shown; the following variables were included in the model: age, gender, history of hypertension, history of diabetes, current cigarette smoking, total cholesterol level (TC), CAD, PAD, atrial fibrillation, etiology, stroke severity at 1 week (Rankin Scale), prior lipid-lowering drug, prior antiaggregant drug, department. *Reference category. †To convert to SI units multiply by 0.02586. a major vascular event or vascular death of 30% to these high-risk patients, which is a conservative estimate, and assuming that treatment with statins would reduce this risk by 20% means that 40 serious vascular events and deaths per 1000 patients would not be prevented in the current clinical setting.
Study Limitations
We collected data on the determination of lipid levels and initiation of statin therapy during hospitalization, but we did not determine the frequency of lipid evaluation and therapy after discharge. Failure to implement screening and treatment in the outpatient setting, however, has been documented, 14 -17 and it has been suggested that these measures be implemented during the predischarge phase of hospitalization. 34 Our investigation was limited to patients treated in neurological departments. Patients with stroke admitted to general medical departments may receive a more appropriate lipidlowering treatment. This is not very likely because the data from patients with myocardial infarction 15, 17, 20, 29 were collected in medical departments. The frequency of lipid evaluation and the use of statins in our study compare favorably.
Finally, 29% of our sample were not analyzed because of logistical reasons caused by the ongoing nature of the registry; of these subjects, Ϸ15% would not meet the inclusion criteria. Those not included were comparable in terms of age and sex distribution to those included, and we are not aware of any selection mechanism other than order of admission and batch size. Thus, we believe that selection bias is not a problem in our study.
Study Strengths
Randomized, controlled trials are necessary to establish the effectiveness of healthcare interventions. Large-scale observational studies such as our stroke registry are the next necessary step in evaluating healthcare interventions in reallife settings. The multicenter approach incorporates clinical practices of primary, secondary, and tertiary care hospitals serving a large urban population. Although geographic variation is to be expected, we believe that our results are generalizable to a Western medical setting.
Conclusions
There is an urgent need to optimize lipid evaluation and treatment with statins in patients with stroke or TIA, particularly in high-risk patients for whom guidelines already exist but are not adequately followed.
